UF experiments with two regenerated cellulose membranes of different molecular weight cut-33 off (MWCO, 5 and 10 kDa) were conducted. UF is able to remove 50-95% of TOC with a seasonal 34 variability of 10-20%. Due to the remaining NOM in the water that would contribute to disinfection 35 by-product formation and bacterial regrowth, the physically disinfected water is more applicable for 36 point of use systems than distribution or storage. 37 38
However, UF is available with pore sizes in the range of 2 to 50 nm. Larger pore size UF can be 137 operated at lower TMP while tighter UF requires significantly higher TMP can hence be operated a 138 small hydrostatic pressure, while tight UF required significant pressure to operate. While all UF 139 membranes will physically disinfect water and hence alleviate child mortality, NOM removal 140 requires tight membranes which are further from likely implementation in developing countries. 141 NOM in raw waters is not a direct health risk, but leads to aesthetical problems like taste, color 142 and odor as well as to the risk of microbial recontamination in distribution or storage systems 143 . If distribution and storage, or preventative measures for membrane integrity 144 failure, require chemical disinfection, the formation of byproducts, and hence the secondary long 145 term risk of cancer, is significantly reduced through effective NOM removal. 146
For substantial NOM removal by UF, a pore size of 6 nm (MWCO 5-10 kDa) is required, while 147 this shifts to a larger MWCO once fouled by NOM during operation (Schäfer et al. 2001 ). This is 148 confirmed by other authors, and variability is usually explainable with MWCO as well as organic 149 matter characteristics (Gorenflo (2003) , Kennedy Metals, especially cations, naturally associate with NOM (Oliva et al. 1999 , Shi et al. 2011 . 158
The origin of such interactions has been explained with the role of NOM in chemical weathering of 159 minerals (Oliva et al. 1999 ) and an association with colloidal NOM (Viers et al. 1997 ). For UF 160 membranes with higher MWCOs it has been reported that multivalent cations like calcium lead to 161 higher retention of HS due to complexation and aggregate formation aiding size exclusion (Aoustin 162 et al. 2001). At alkaline pH, due to deprotonation of carboxylic and phenolic groups of HS, the 163 NOM has a negative charge and shows anionic character. Therefore, metal ions, especially 164 multivalent cations, can form complexes with HS and cause electrostatic charge shielding (Clark 165 and Lucas 1998). Thus, making the chain hydrophobic in aqueous solution leads to enhanced 166 aggregation by forming a small, coiled conformation via intramolecular complexation (Shi et al.
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7 NOM-NOM and membrane-NOM interactions leading to membrane fouling (Li and Elimelech 169 2004) . 170
The objective of this study was a detailed investigation of 1) the seasonal water quality of Maji 171 ya Chai as an example for a tropical river, 2) the correlation of water quality with local precipitation 172 over one year and 2) the effect of this water quality variation on UF retention behaviour. Further, 173 the association of multivalent cations calcium, magnesium, iron, and aluminium with TOC and their 174 retention by UF was investigated. Removal of fluoride which is an issue in Maji ya Chair river will 175 be reported in a subsequent paper. 176 
Materials and Methods

Analytical methods 190
The 'pure water' used for all experimental and analytical procedures was "Mount Meru" bottled 191
water. This water is local surface water treated by reverse osmosis, ozonation, and UV irradiation. Instruments, Colorado, USA). Samples with expected TOC/DOC >10 mg L -1 were diluted with 197 pure water. UV 254nm was analyzed using UV-2800 Spectrophotometer (UNICO, New Jersey, USA)M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 8 using quartz cuvettes with a path length of 1 cm and pure water reference. Specific UV absorbance, 199 SUVA, was determined by the quotient of UV 254nm and DOC. For UV and DOC analyses the feed 200 water samples were pre-filtered using Minisart syringe filter (cellulose acetate, Sartorius, Germany) 201 with a pore size of 0.45 µm. UF permeate samples were analyzed without pre-filtration. 202
For pH and electric conductivity analyses a Multimeter (Multi 340i, WTW, Germany) was used 203 with a pH electrode SentTix 41, and a TetraCon 325 conductivity electrode, respectively. Turbidity 204 of the feed waters was measured using a Turbidimeter (TN-100, Eutech Instruments, USA). 205
Size exclusion chromatography analyses were performed using a high-performance liquid 206 chromatography (LC-OCD) equipped with TOC and UV-Vis detectors placed in series (DOC-207 LABOR, Germany). The method is described elsewhere (Huber and Frimmel 1992) . 
Ultrafiltration setup and protocol 223
All experiments were conducted in dead-end mode under a constant trans-membrane pressure of 224 3 bar and carried out in stainless steel batch cells illustrated in Figure 2 . The pressure was chosen to 225 achieve a reasonable permeability for both membranes used. The cells were pressurized using 226 medical air (BOC Kenya Limited) and permanently stirred at 300 rpm using a magnetic stirrer Prior to sample filtration the cell and membrane were flushed by filtering pure water for 1 h and 237 water flux was determined by filtration of pure water for 10 minutes. Initial volume was 1,000 mL, 238 950 mL were filled into the cell whereas the remaining 50 mL were collected as feed sample. 239
During filtration nine permeate samples (100 mL each) were collected. After filtration of 900 mL 240 (corresponding to a recovery of 95 %) the respective experiment was stopped, the cell was opened 241 and the remaining 50 mL solution in the cell was collected as the retentate sample. After each 242 experiment the filtration cell and membrane surface were flushed gently with 20 mL pure water to 243 remove loosely associated material before pure water flux after filtration was determined for 30 244 minutes. Ambient temperature during experiments could not be controlled and varied between 245 24.5 °C and 30.3 °C. In consequence, an increase in the stirred cell temperature was observed due to 246 heating from the magnetic stirrer table and/or changing in ambient temperature during the course of 247 the experiment. Maximum temperature difference in experiments was 4.8 °C after an experiment 248 time of 5.5 hours. As the water viscosity changes due to changing in temperature, an increase in 249 flux of about 5% for the 5 kDa, and about 2% for 10 kDa membrane is expected per 1 °C 250 temperature increase (see Figure S 1 ). In order to correct the effect of temperature in the data 251 analysis the flux was normalized to a standard temperature, i.e. 25 °C, using Eqn (1) according to 252 ASTM method D5090-07 (ASTM 2007): 253
Where J S is the normalized flux at standard temperature, J m is the actual flux, T S is the standard 255 temperature and T m is the measured temperature. 256
Calculation of filtration parameters 257
Permeate flux, J, was calculated using Eqn (2) 258
Where A M is the membrane surface area. Water density, ρ w , was determined with average feed 260 water temperature during filtration. Pure water flux determined before sample filtration is named J 0 . 261
Normalized flux was determined as the J/J 0 ratio. 262 TOC retention, R, was calculated using Eqn (3) 263
TOC Permeate of respective permeate samples was measured after experiments, while TOC Retentate 265 was calculated stepwise on the basis of the measured TOC in the respective feed sample. Based on 266 mass balance calculation this proved to be a more reliable method than measuring retentate which 267 provided erratic and hence unreliable to determine membrane deposit. This was partially due to the 268 nature of the samples. As such no assessment of TOC deposition on the membrane can be made 269 while the calculated retention data are correct. For calculation of recovery, R W , Eqn (4) was used. 270
Where V is the volume of the respective sample. It should be noted that the results of membrane 272 performance as a function of recovery reflect the concentration changes within a module and hence 273 likely information on retention alongside a module. 274
Membrane type and characteristics 275
Two different UF regenerated cellulose membranes manufactured by Merck Millipore and 276 supplied as flat sheet were used for filtration experiments; PLHCC and PHLGC with a MWCO of 5 277 kDa and 10 kDa, respectively. Filtration experiments were conducted with circular flat sheet 278 membranes with an effective membrane area of 38.48 cm 2 (membrane diameter of 70 mm). For 279 each experiment a new membrane was used. Prior to use the membranes were stored in pure water 280 for at least 24 h. Table 1 shows characteristics of the selected membranes. As can be seen from the 281 data the two membranes used have different permeabilities due to a different MWCO. 282 Table 1 Streaming potential measurements were performed with a SurPASS electrokinetic analyzer 285 (Anton Paar GmbH, Austria) and zeta potential was calculated as described by Mouhoumed et al. 286 (2014) . As can be seen in Table 1 both membranes have a highly negative and almost identical 287 surface charge at neutral pH. 288 
Results and Discussion
Raw water characteristics and seasonal variation of precipitation 290
The seasonal variation of raw water quality was determined and is summarized in Table 2 and 291 heavy rainfall event that resulted in significant swelling of the river. This was the first heavy rainfall 293 event of the rainy season after a long dry season. These high precipitations are not resolved in the 294 average precipitation data. An important observation is that during the high rainfall events the 295 turbidity of the water does not increase significantly as opposed to many common scenarios in 296
Africa. This is due to the fact that the catchment of the Maji ya Chai River of this sampling site is 297 located in a national park with high tree coverage and hence minimal erosion. 298 • Organic matter quality and quantity in a tropical stream is affected by precipitation.
• Increased raw water TOC results in increased permeate TOC and SUVA of 2-4 L mg -1 m -1 .
• Regrowth potential and disinfection by-product formation is a challenge for tropical waters.
